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MEMORANDUM REPORT

for the
Army Air Forces, Materiel Cormand
FULL-SCALE TUNNEL MEASUREMENTS OF THE PRESSURES ON
THE ELEVATOR AND FUSELAGE OF THE CURTISS XP-55 AIRPLANE
By Richard C. Dingeldein
INTRODUCTION

At the request of the Army Aif Forces, Materiel Command,
force tests and measurenents of the pressure distribution
over the elevator and forward part of the fuselage were made *
on a flying model of the Curtiss XP-55 airplane in the NACA
full-scale tunnel, The results of the force tests, which
include lift, drag, pltching-moment, and elevator hinge-
moment measurements, have been reported in reference 1.

The results of the elevator pressure measurements are giveh
in the present paper.

The XP-55 is a low-wing alrplane with the engine and
propeller located at the rear of the fuselage. Longitudinal
and directional control are obtained by means of an elevator
located at the nose of the fuselage and by fins and rudders
attached near the wing tips.

The pressureé;were measured over a wide range of eleva-
tor and elevator tab deflections for several angles of at-
tack of the fuselage axis with the landing flaps retracted

and deflected [5°. A few teats were made to determine the




pressure distribution over the forward part of the fuselage
with the elevator removed.

An anslysis has been made to show the distribution of
normal-force coefficient across the span of the elevator and
a comparison 1s given of the elevator normal-force coeffi-
cients determined from the pressure measurements and these
determined from the force tests. Some calculations have been
made of the fuselage normal-force coefficients by means of
existing theoretical knowledge and these results are compared
with the experimental data. Owing to the general applica-
bility of the data to canard-type airplanes, the analysis has
been extended to include a discussion of the mutual effects
of the elevator and fuselage loadings on the normal-force
distributions.

SYMBOLS
Ap difference between free-strcam static pressure and

local statlic pressure

Adq free-stream dynamic pressure

N normal force

n section normal force

S surface areca

c ' elevator chord

-ap angle of attack of the fuselape axils relative to ..

free-stream direction, degrees
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6 control-surface deflection, dégrees; positive with

tralling edge down

Cp section normal-force coefficient, n/qc
Cy normal-force coefficient, N/aS
Cy, 1ift coefficient, 1./q8
dCy
© elevator effectiveness
dde
de Te ,
a6 elevator tab effectiveness
T N
Subscripts:
e elevator
f ~wing flap
T elevator tab
F fuselage

APPARATUS AND TESTS
The flying model of the Curtiss XP-55 airplane, which
is designated the Curtiss model 24B, is shown mounted in the
NACA fﬁll-scale tunnel iﬁ figure 1. A three-view drawing

giving the important dimensions of the .alrplane is shown in

figure 2. The elevator which is hinged at 13.42 percent

of the chord,has a symmetrical low-drag airfoll section that
was developed by the manufacturer. The elesvator is equipped

with trim tabs having a span of 50 percent of the elevator
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spen and a chord of 25 percent of the elevator chord. The
elevator was directly connected to the stick, but the tab
angle was adjusted by means of a separate control in the cock-
prit, _

Flush-type static-pressure oriflices were installed in the'
left elevator and tab and in the left side of the fuselage.

The inside diameter of the orifice tubes was 0.090 inch. The
location and identification of the orifices are given in
tables I to III and in figures 3 to 5,

All the tests were made at a tunnel airspeed of approxi-
mately 62 miles per hour and with the airpiane propeller re-
moved, Pressure measurements were taken for various eleva-
tor defiections with the elevator tab neutral at angles of
attack of the fuselage axls of 0.9°, 4.69, 12.0°, and 15.8°.
The effects of deflecting the elevator tab on the pressure

distributions cover the horizontal tail surfaces were deter-

mined at angles of attack of 0.9° and 12.0°. Most of the tests

were made with the landing flaps retracted; however, a few
tests were made with the flaps deflected L5°. The complete
test program is listed in table IV.
RESULTS AND DISCUSSION
The test results {tables V and. VI) have been corrected
_for jet-boundary effects (reference 2), the longitudinal

static-pressure gracdlent in the jet, and stream angle and
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blocking effects at the elevator (reference 3), and there-
fore differ slightly from the data presented in the prelimi-
nary reports. Chordwise pressure distributions over the
elevator and forward part of the fuselage were plotted from
these data. Integration of the chordwise pressure distri-
butions gave the distribution of normal-force coefficient
across the horizontal tall span which was then integrated to
obtain average values of elevator and fuselage nornal-force
coefficients., In the deleruination of the spanwise normal<
force distribution, the chord of the fuselage has been taken
as 29.8 inches, which corresponds to the chord at the
elevator-fuselégé juhcturé. The elevator normal-force coef-
ficients are given in table IV. 

Chordwise pressures distributicns. - Isometric charts of

typical chordwise pressure distributions over the elevator
and forward part of the fuselage are presented in figures 6
to 19. The effects of the elevator and fuselage loadings

on the resultant pressure distributions are clearly shown in
these figures. The normal force on the fuselsage increases
for posiﬁive deflections of the elevator and|decreases for
negative deflections of the elevator, A greater percentage |
of the normal forée’bn the horizontal téil surface is carried
across the fuselage when the tab is deflected with the eleva-

tor neutral than when the elevator is deflected wWith the tab
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neutral inasmuch as the gap between the elevator and the
fuselagse - is smaller for tab deflections than for elevator
deflections. The load on the fuselage directly affects the
load on the elevator such that, st high angles of atbvack of
the fuselage, the pressure differences between the upper and
lower surfaces of the inboard section of the elevator are in-
creased, whereas the outboard sections are not appreciébly
affected. (See figs. 7 and 16) It should also be noted that
at positive angles of attack of the fuselage the pressures
near the trailing edge of the clevator are more negative for
the inbosard sectiocns than for the outboard sectlons,

At ap = 12,0° and &, = 10° (fig. 13), stall cccurred
over the center section of the elevator, but the fuselage re-
mained unstalled. At an angle of attack of 12.0° (fig. 16),
an elevator deflection of -10°would be expected to result in
a smaller elevator lcading than is shown inasmuch as the angle
of the elevator with respect to the free-stream direction is
only 2.0°. The high elevator loading for this condition is
due to the effects of the upwash ahead of the wing and the
fuselage-pressure distribution. The. upwash due to the wing
increases the effective angle of attack and the normal-force
coefficient of the elevator. The pressure differences be-

. tween the upper and lower surfaccs of the fuselage extend

across a part of the elevator and tend to increase the negative
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pressures on the upper surfaée'ét thé rear of the elevator.
These effects increase with aﬁgle oanttack and cause the ele~
vator to flcat nose down with respect to the free-stream
direction.

The static-pressure diffefences between top and bottom
longitudinal sections of the fusélaga are plotted in figures
20 to 22 for various angles of attack with the elevatcr and
tab neutral. The longitudinal location of the elevator with
respect to the fuselage is drawn to scale in each figure.

The elevator floating aﬁgles determined from the force tests
are shown imr figure 23. At a@ = 12.0°, the elevator floats
at -7.0° with respect to the free-stream direction. The
floating angles for any particular angle of attack shown in
fimure 23 arel.50 less than those given in reference 1.

This discrepancy represents a correction for the difference
in the average stream angle across the elevator and wing
span which has been applied to the data.

Span-load distribution. - The distribution of normal-force

coefficient across the span of the elevator for the various
test conditions 1is shown in figures 24 to 29. The loading
across the fuselage shown in these figures represents the in=-
crement of normal-force coefficlent due only to the presence
of the elevator and was determined from the difference in the
pressures on the fuselage with the elevator attached to the

airplane and with the elzvator removed.
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The spanwise distributions of normal-force coefficlent
for various elevator deflections with the tab neutral and for
various tab deflections with the elevator neutral at a = 0.90
are shown in figures 2i an& 25. A comparison of these figures
shows theat a tab deflasction equal to twice that of the elevator
produces very nearly the same load on the horizontal tail; that
is, the total load on the horizontal tail surface produced by
a -10° tab deflection with the elevator neutral is very nearly
equal to that procduced by a —SOIelevator deflection with the
tab}neutral. {See fig. 26.) In addition, these figures show
that for a given tab deflection, the fuselage and the inboard
section of the elesvator are more highly loaded .than for an
elevator deflection producing the same normal-force coeffi-
cient, Figures 27 to 29 show the spanwise distribution of
normal-force coefficient at angles of attack of §.6°, 12.0°,
and 15.8O for various elevator deflections with the tab neutral.

The effect on the elevator span loadings of deflecting the
wing flaps ABO at fuselage angles of attack of-0.9o, h.éo, and
12.0° (figs. 30 to 34) is small. Reference to the force tests
(reference 1) showed that the average increment of 1ift coeffi-
cient due to this flap deflection was only about 0.23; hence,
the upwash at the elevator due to deflecting the wing flavps
is small.

Normal-force ccefficients. - A summary of the average ele-

vator normal-force coelficients obtained from the span-lcad



..9..

distributions of figures 2l to 3L is given in table IV. A

compariscon is made in figure 35 of the elevator effective-
dCy
e

a6
e
from the force tests at four angles of attack from 0.9O to

, determined from the pressure distributions and

15.8¢9, The elevator effectiveness obtained from the force
tests was determined by comparing the pitching moments of
the airplane with the elevator removed and attached. The
elevator effectiveness obtained from the pressure measure-
ments was 0.0l2 at all angles of attack as compared with an

average value of 0.0L0 determined from the force tests.
dCy
dbg
results from the change in pitching moment of the inboard .

The small difference betwéen fhese values of probably
section of the wing due to the elevator tralling vortices.
At ap = 15.8%° the value of normal-force coefficient deter-
mined from the force tests at any elevator deflection was
about 0,1l greater than that determéged from the prossure
measurements although the sloves, EESE , wWere approxi-
mately equal. This discrepancy probably results from the
fact that part of the wing was stalled at this angle 6f at-
tack,

Values of the normal-force coefficient of the elevator

for various tab deflections with elevator neutral at an

angle of attack of 0.9° are presented in figure 36. The
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ac )
tab effectiveness, e determined from these results

B
is 0.02}., This valueiis about one-half as large as thne
elevator effectiveness,

The fuselage normal-force coefficients determined from
the pressure data with the elevator removed are given in
figure 37. A comparison has been made of. these values and
normal -force coefficients calculated by the methods presented
ifh refsrence . Al though the slopes, %%%E , are in falrly
good agreement, the results based on the pressure data indi-
cate that there is & small upload on the fuselage at zsro
angle of attack of the fuselage axis.

SUIMARY OF RESULTS

1. The elevator effectiveness, g%gﬁ , obtalned from ’
the pressure measurements was 0.0/2. This valuc was in good -
agreement with that determined from force tests.

2. The effectiveness of the elevator tab was agout half

C .
as great as the elevator effectiveness; a value of Esgg
of 0.02ly was measured,

3. The change in the elevator normal-force coefficlent
resulting from deflecting the wing flaps 450 was small.

4. The ncrmal-force coefficients of the inboard sections
of the elevator increassd as the loading on the forward part
~of the fuselage increased. |

5. A greater percentege of the normal force on the eleva-

tor surface was carried across the fuselage when the tab was
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deflected with the elevator neutral than when the elevator was
deflected with the tab neutral iinasmuch as the gap between the
elevator and the fuselage was smaller for tab deflecticns than
for elevator deflections. |

6. The pressure measurements indicated tﬂat the eleva~
tor will tend to float nose down with respect to the free-
stream diréction due to the effects of fuselaée interference
and wing upwash, |
Langley Memorial Aeronautical Laboratory,

National Advisory Committee for Aeronautics,
Langley Field, Va., June 1l, 19l3.
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